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Claims 

[ci] 1. A method for detecting anomalies in a component of 
an assembly prior to the component being installed in 
the assembly, the component being movable at one or 
more speeds in the assembly, the method comprising: 
configuring a component checking system, including at 
least one checking system sensor, capable of operating 
the component at one or more predetermined speeds; 
determining a speed of operation for the component in 
the checking system, chosen from the one or more pre- 
determined speeds; 

determining at least one anomaly frequency of the com- 
ponent in the checking system, the at least one anomaly 
frequency of the component in the checking system be- 
ing a function of the speed of operation of the compo- 
nent in the checking system; 

configuring at least a portion of the checking system to 
have at least one modal frequency within a predeter- 
mined frequency range of the checking system, the pre- 
determined frequency range of the checking system in- 
cluding the at least one anomaly frequency of the com- 
ponent in the checking system; 

configuring at least a portion of the checking system to 



have modal characteristics such that discrimination for 
the component in the checking system is within a prede- 
termined range based on discrimination for the compo- 
nent in the assembly, the discrimination for the compo- 
nent in the checking system being determined by com- 
paring an amplitude response of the checking system 
using a component having at least one anomaly and an 
amplitude response of the checking system using a 
component having substantially no anomalies, the modal 
characteristics and the amplitude responses of the 
checking system being determined using the at least one 
checking system sensor; 

operating the component in the checking system; and 
measuring values of a response parameter of the check- 
ing system while the component is being operated in the 
checking system, thereby facilitating detection of 
anomalies in the component. 

2. The method of claim 1, further comprising: 
determining at least one modal frequency of the assem- 
bly using at least one assembly sensor; 
determining at least one anomaly frequency of the com- 
ponent in the assembly, the at least one anomaly fre- 
quency of the component in the assembly being a func- 
tion of a speed of the component at which at least one 
anomaly is detectable when the component is operating 



in the assembly; 

determining wlietlier tlie at least one anomaly frequency 
of the component in the assembly is within a predeter- 
mined frequency range of the assembly, the predeter- 
mined frequency range of the assembly including the at 
least one modal frequency of the assembly; and 
determining a location of the at least one anomaly fre- 
quency with respect to the at least one modal frequency 
of the assembly. 

[c3] 3. The method of claim 2, further comprising: 

using the at least one assembly sensor to determine a 
first amplitude response of the assembly, with the as- 
sembly including a component having at least one 
anomaly; and 

using the at least one assembly sensor to determine a 
second amplitude response of the assembly, with the as- 
sembly including a component having substantially no 
anomalies, and 

wherein, determining the discrimination for the compo- 
nent in the assembly includes comparing the first and 
second amplitude responses of the assembly. 

[c4] 4. The method of claim 1, further comprising comparing 
at least one of the measured values of the response pa- 
rameter to a predetermined value, thereby further facili- 
tating detection of anomalies in the component. 



[c5] 5. The method of claim 1, wherein the response parame- 
ter of the checking system is vibration, and the vibration 
values are measured using the at least one checking sys- 
tem sensor. 

[c6] 6. The method of claim 5, wherein measuring the vibra- 
tion values includes at least one of measuring accelera- 
tion, velocity, displacement, and acoustic characteristics, 
the measurements occurring over a bandwidth that in- 
cludes the predetermined frequency range of the check- 
ing system. 

[c7] 7. The method of claim 5, further comprising: 

transforming at least some of the measured values from 
a time domain to a frequency domain; and 
comparing at least one of the transformed values to a 
predetermined value, thereby further facilitating detec- 
tion of anomalies in the component. 

[c8] 8. The method of claim 1, further comprising engaging 
the component in the checking system with a mating 
component, the engagement in the checking system cor- 
responding to an engagement of the component and a 
mating component in the assembly. 

[c9] 9. A method for detecting anomalies in a selected gear 
for a vehicle transmission prior to the selected gear be- 



ing installed in the transmission, the method comprising: 
determining at least one modal frequency of the trans- 
mission using at least one sensor on a housing of the 
transmission; 

determining a transmission gear mesh frequency as a 
function of the number of teeth on the selected gear and 
a speed of rotation of the selected gear in the transmis- 
sion; 

determining whether the transmission gear mesh fre- 
quency is within a predetermined transmission frequency 
range, the predetermined transmission frequency range 
including the at least one modal frequency of the trans- 
mission; 

determining a location of the transmission gear mesh 
frequency with respect to the at least one modal fre- 
quency of the transmission; 

determining whether at least one harmonic frequency of 
the transmission gear mesh frequency is within the pre- 
determined transmission frequency range; 
determining a location of the at least one harmonic fre- 
quency of the transmission gear mesh frequency with 
respect to the at least one modal frequency of the trans- 
mission; 

using the at least one sensor on the transmission hous- 
ing to determine a first amplitude response of the trans- 
mission, the transmission including a gear having at 



least one anomaly; 

using the at least one sensor on the transmission hous- 
ing to determine a second amplitude response of the 
transmission, the transmission including a gear having 
substantially no anomalies; 

determining a discrimination for the selected gear in the 
transmission by comparing the first and second ampli- 
tude responses; 

configuring a gear checking system, including at least 
one checking system sensor, capable of rotating the se- 
lected gear at one or more predetermined speeds; 
determining a speed of rotation for the selected gear in 
the checking system, chosen from the one or more pre- 
determined speeds; 

determining a checking system gear mesh frequency as a 
function of the number of teeth on the selected gear and 
the speed of rotation of the selected gear in the checking 
system; 

determining at least one harmonic frequency of the 
checking system gear mesh frequency; 
configuring at least a portion of the checking system to 
have at least one modal frequency within a predeter- 
mined frequency range of the checking system, the pre- 
determined frequency range of the checking system in- 
cluding the checking system gear mesh frequency and 
the at least one harmonic frequency of the checking sys- 



tern gear mesh frequency; 

further configuring at least a portion of the checking 
system to have modal characteristics such that discrimi- 
nation for the selected gear in the checking system is 
within a predetermined range based on the discrimina- 
tion for the component in the transmission, the discrimi- 
nation for the selected gear in the checking system being 
determined by comparing an amplitude response of the 
checking system using a gear having at least one 
anomaly and an amplitude response of the checking sys- 
tem using a gear having substantially no anomalies, the 
modal characteristics and the amplitude responses of the 
checking system being determined using the at least one 
checking system sensor; 

rotating the selected gear in the checking system; and 
measuring values of a response parameter of the check- 
ing system while the selected gear is being rotated in the 
checking system, thereby facilitating detection of 
anomalies in the gear. 

[ciO] 10. The method of claim 9, further comprising applying 
a torque load to the selected gear while the selected gear 
is rotated in the gear checking system. 

[cii] 11. The method of claim 10, further comprising config- 
uring the checking system with a mating gear for mating 
with the selected gear, and wherein the torque load is 



applied to the selected gear through the mating gear. 

[ci2] 12. The method of claim 11, wherein the selected gear 
and the mating gear engage each other with single flank 
contact. 

[ci3] 13. The method of claim 11, wherein the selected gear 
drives the mating gear, and the selected gear is rotated 
at a speed that is less than the speed used to determine 
the transmission gear mesh frequency. 

[ci4] 14. The method of claim 9, wherein the response param- 
eter is vibration, and the measured values are accelera- 
tion values of at least a portion of the checking system 
measured over time by the at least one checking system 
sensor. 

[ci5] 15. The method of claim 14, further comprising: 

transforming at least some of the measured values from 
a time domain to a frequency domain; and 
comparing at least one of the transformed values to a 
predetermined value, thereby further facilitating detec- 
tion of anomalies in the selected gear. 

[ci6] 16. A structurally tuned vibration based checking system 
for detecting anomalies in a movable component of an 
assembly prior to the component being installed in the 
assembly, the assembly having modal frequencies, the 



component having at least one assembly anomaly fre- 
quency that is a function of a speed of operation of the 
component in the assembly at which anomalies in the 
component are detectable, the at least one assembly 
anomaly frequency is within a predetermined frequency 
range of the assembly, the checking system comprising: 
a first actuator operable to operate the component at 
one or more predetermined speeds, the component hav- 
ing at least one checking system anomaly frequency that 
is a function of the speed of operation of the component 
in the checking system, the at least one checking system 
anomaly frequency being different than the at least one 
assembly anomaly frequency; 
a structure for supporting the component while the 
component is being operated by the first actuator, the 
structure being configured such that at least a portion of 
the checking system has at least one modal frequency 
within a predetermined frequency range of the checking 
system, the predetermined frequency range of the 
checking system including the at least one checking sys- 
tem anomaly frequency; and 

a sensor for measuring values of a response parameter 
of the checking system while the first actuator operates 
the component. 

[ci7] 17. The checking system of claim 16, further comprising 



a second actuator operable to apply a load to the com- 
ponent while the first actuator operates the component. 

[ci8] 18. The checking system of claim 17, further comprising 
a second component configured to cooperate with the 
second actuator and the component, and wherein the 
second actuator applies the load to the component 
through the second component. 

[ci9] 19. The checking system of claim 18, wherein the com- 
ponent is a vehicle transmission gear, the first actuator 
is operable to rotate the transmission gear, and the sec- 
ond actuator is operable to apply a torque load to the 
transmission gear through a mating gear in contact with 
the transmission gear. 

[c20] 20. The checking system of claim 19, wherein the trans- 
mission gear and the mating gear engage each other 
with single flank contact. 

[c2i] 21. The checking system of claim 16, wherein the re- 
sponse parameter is vibration and the sensor measures 
acceleration values of at least a portion of the checking 
system, thereby facilitating detection of anomalies in the 
component. 



